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• ABSTRACT 
Some effects of heating and drying Ilford types G and K emulsions 
prior to exposure and processing are reported. It was found that some 
gain in sensitivity was obtained, but that an increase in "fog" background 
offset any advantage. For each emulsion type there is a critical tempera-
ture above which the growth of fog background soon makes the emulsion 
useless Attempts to remove this fog by eradication showed that track 
images are removed more easily than the fog, so that the usefulness of 
emulsions which have been heated too much cannot be regained No changes 
in the sensitivity of emulsions to near-minimum ionizing particles was 
observed between -20 and 50°C. 
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INTRODUCTION 
We report here the results of a number of experiments carried 
out with Ilford G.2, G.5, and K5 emulsions, designed to determine the 
effects of high temperature and low humidity on the photographic prop-
erties of these emulsi9ns0 The experiments can be divided into two 
groups: (1) emulsion stacks in which a temperature gradient waS main-
tained (-20 to +iMO°C) prior to prpccs sing, and (2) stacks that were held 
at constant uniform temperature'prior to processing. The emulsions 
were dried prior to heating and maintained at nearly zero relative humid-
ity during heating. The density of random fog grains and the blob-density 
of minimum tracks were measured in the processed emulsions. Varia-
tions in the processing times (the time in the "hot stage") were studied. 
Several experiments were attempted on the eradication of fog and track 
grains. 
We believe our most significant result to be the determination of 
a rather critical "threshold temperature," which depends on emulsion 
type and the time of preheating, above which the growth of fog background, 
makes the emulsion useless. Eradication is of little value in reducing 
this fog, as the eradication procedure more readily removes track images.. 
Contrary to the reported properties of NIKFI emulsion, we find 
thattrack images in Ilford emulsions are not appreciably enhanced by 
drying and heating prior to exposure and processing 
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EFFECTS OF HEATING PRIOR TO PROCESSING 
A. Temperature -Gradient Stacks 
• To investigate the effects of heating emulsions prior to exposure 
and processing, we assembled emulsion stacks consisting of strips of 
pellicles about 3/4 in. wide and 8 in. long. Each stack contained samples 
of G.2, G5, and K.5 emulsion. Several different manufacturers' batches 
were represented among the stacks, s.o that the results represent an 
average over emulsiorLs furnished by the manufacturer. These emulsions 
were dried(either by vacuum or chemical desiccation) for several days 
before being made into stacks, and were then assembled and placed in 
an apparatus, described in Appendix II, which produced and maintained 
a temperature gradient between the ends of the pellicles. Thus a steady-
state temperature difference from about -20 to +10000  was established 
We note here that while emulsions at normal humidity lose their mechani-
cal rigidity and tend to adhere to each other at temperatures of around 
50 to 60°C, dry emulsions can be heated to about 90°C without "sticking" 
when made into stacks. 
• • • The most striking feature of these experiments is shown in Figs. 
I through 3 In each case it is evident that there is a sharp increase in 
the density of random backg'round grains (fog) over a rather narrow 
• 
/ 
temperature range In general, the temperature at which this increase 
• • occurs decreases with the length of time the emulsions were maintained 
at elevated temperatureb, but we note the following 
I Even for times as short as an hour, a temperature of 60 to 70°C 
causes a marked increase in fog in G S and K 5 emulsions On the other 
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hand, these emulsions seem relatively unaffected by a temperature of 
• about 40°C even if maintained for a week. 
2. G.2 emulsions show qualitatively the same behavior, but the 
onset of fog occurs some 10 to 15°C higher. 
There are fluctuatiqns among the various stacks, but we believe 
that these can be attributed to variations in manufacture of the emuls ions 
and in the processing used. It is significant that the same trends were 
observed in emulsions processed at two laboratories, Lawrence Radiation 
Laboratory (LRL) and the U. S. Nval Postgraduate School (NPGS). 2 
• 
 
(The generally higher background.s in the LRL .emuls ions are attributed, 
in part, to the greater age of the emulsion used in the LRL experiments.) 
Some qualitative features of the dried and heated emulsions were 
• noted: 
1.. At temperatures slightly above the onset of fog, the emulsions 
showed a general darkening of the gelatin, which made them opaque. 
2. Most emulsions became quite brittle and broke at the heated 
endwhen the stacks were disassembled -- roughly at about 90° C. 
One stack (marked "normal" on the graphs) was heated without 
prior drying. • This stack seemed to behave in the same way as the dried 
emulsions, although the hot end could be extended to only about 60°C 
The data from the temperature-gradient stacks is presented in a 
different way in Figs 4, 5, and 6 Data points for these curves are 
taken from Figs. I through 3, after first normalizing the K.5 and G.5 
curves to I grain per 10 at 0°C These curves show rather clearly 
the growth of fog background during the first day of heating 
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B. Constant Temperature Stacks H 
The data from the temperature-gradient stacks indicate a thresh-
old temperature of 50 to 60°C. Therefore, several batches of emulsions 
were dried and heated for various times at about this temperature in 
order to investigate further this critical temperature range.. The data 
are shown in Figs. 7 through 9. Each curve represents a different emul-
sion batch -- our technique was to cut a single large pellicle into smaller. 
pieces, dry them, and place them in an oven at intervals of time. The 
entire batch was removed from the oven and processed together. 
We interpret these data as follows: 
a. G.5 emulsion: From Fig. 1, the threshold is at 40 to 50° C. 
Figure 7 indicates an increase of fog as a function of time for tempera-
tures slightly above the threshold 
b K S emulsion This behaves similarly to G 5, but has a rrore 
pronounced increase in fog with time.. . 
c G 2 emulsions From Fig 3, the threshold temperature is 
above 60°C. Figure 9 indicates that heatingbelow 60°, even for 9 to 10 
days, has little effect on the fog. 
ERADICATION EXPERIMENTS .. . . . 
Some pellicles from the temperature-gradient stacks were sepa-
rated after heating and subjected to the following eradication procedure 
before proessing: The pellicles were placed in an environment of —100%' 
'humidity at 3.5°C from 3 to 6 days. The emulsiofls were then processed . . 
in the same manner as the remainder of the stack. These data are not . . 
represented by a graph because 
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The threshold temperature was not appreciably lowered by 
eradication - - that is, the fog which occurs at high temperatures was not 
I 
removed. 
No difference was noted in eradicating for 6 days rather than .3. 
The major result was a decrease in the fog below threshold, 
particularly in K,5 emulsion. 
Since it seemed that whatever eradication did occur took place 
within 3 days, samples of each emulsion type were exposed to a Co 6° 
source, and the eradication experiments were repeated on these emulsions 
using times from 0 to 3-3/4 days. The results are shown in Fig. 10. 
We also carried out the eradication of emulsion (for times 0 to 
3-3/4 days) exposed to a c60 source to compare the rates of er.adicatiQn 
of fog due to low-energy electxon tracks (Fig. 10) and that produced by 
subjecting the emulsions to high temperatures. Although the eradication-
rate data showed considerable fluctuation, we conclude that eradication 
effectively removes random fog and particle tracks at comparable rates 
from K 5 emulsion, and to a lesser extent, G 5 emulsion, and has little 
effect on G.2 emulsion. Further, little is gained by extending the eradi-
cation beyond about a day. Finally, in the case of fog caused by tempera-
tures beyond the threshold, eradication has no appreciable effect, so that 
emulsions once heated to this point cannot be "repaired" by the eradication 
procedure. . . . . . 
GRAIN DENSITY OF MINIMUM TRACKS 
The data of the NIKFI Group indicate that a significant increase 
in the grain denbity of near-minimum tracks in NIKFI emulsions can be 
U 
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obtained without an accompanying increase in fog background by drying 
and preheating emulsions prior to exposure. In an attempt to detect this 
effect in Ilford emulsions, the gradient stacks of 2, 6, and 24 hoursheating 
60 were exposed to a.Co source at the NPGS, and the LRL gradient stacks. 
• of 24 hours heating were exposed to a near-minimum pion beam at the 84-in. 
cyclotron. In each case, control plates from the same manufacturer's 
batch, which had not been dried or heated, were, exposed simultaneously 
and later processed with the other pellicles. These experiments showed 
the following: . 
a The grain density of near-minimum tracks changes very little 
as a function of the heating time and (or) temperature - - any increase 
that occurs is offset by at least an eclual increase in fog background The 
• resolution, or ease in detecting these tracks, is if anything decreased by 
preheating. Figure H presents the temperature dependence. of the blob 
densities of 400-MeV/c pions in G.5 emulsions that were maintained at 
temperature for 24 hours in.the temperature-gradient stacks. The ex-
posure to pions took place at the end of the heating period under the fol-
lowing conditions: (I) the'temperature gradient was maintained in the 
stack, and (2) the stack was allowed to return to the ambient room tem-
perature. No differences in the blob densities were observed in the two 
cases, as can be seen from Fig. 11. Our results show that 24 hours of 
heating at any temperature below the fog threshold has little effect on 
'emulsion sensitivity and that no sensitivity maximum occurs between -20 
an'dSO ° C. 3 . . •; . ' 
. . 
 
' b. The control pellics showed about 20% lower grain density 
than the dried plates This suggests that some increase in grain density 
I 
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canbe had simply by drying pellicles prior to exposure. Whether this 
is due to the prevention of some eradicatioi of the image in emulsions 
at normal humidity, or to some other effect, has not been determined. 
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• APPENDIX I. PROCESSING METHODS 
The Bristol develope-r method was used to process the mounted 
emulsion pellicles. The compositions of the developer and other standard 
processing solutions used are listed in Table I. 
The processing times in each solution for the ZOO-u.  and 300-u 
emulsions and the temperature of the solutions are listed in Table II. 
Table I. Composition of standard processing solutions 
Bristol developer 
Cold stage 
Distilled water 1.0 1 
Sodium sulfite, anhydrous 7.2 g 
Sodium bisulfite, meta 1.0 g 
Potassium bromide 0.87 g 
Amidol • 3.25 g 
Bristol developer 
Warm stage 
Distilled water 1.0 1 
Sodium sulfite, anhydrous 7.2 g 
Sodium bisulfite, meta 1.0 g 
Potassium bromide 0.87 g 
Amidol 1.3 g 
Short stop 
Distilled water 1.0 1 
Acetic acid, glacial 31.0 ml 
Fixing bath 
Distilled water 1.0 1 
Sodium bisulfite, rneta • 22.5 g 
Sodium thiosulfate 300.0 g 
In addition to the normal p1ocessing method described above, 
variations in processing were used. The warm development was com-
pletely omitted and some of the stacks were processed with cold-stage 
p 
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development only, for times of 2-/2, -1/2, and 112 hour. This was done 
to determine whether the fog background could be suppressed relative to 
the blob density of electron tracks by variations in development. No sub-
stantial improvement in the quality of the processed eniu1s ions was ob-
served. 
To insure uniform processing for all pellicles of a given stack, 
the plates were placed in racks and always processed together. Fresh 
solutions were always used, and the amidol developer was never, mixed 
more than an hour or so before it was to be used. 
Table II. Processing times and temperatures 
Solutions Temperature ( C) 
Time (mm) 
- 200i. 300P. 
Cold soak 3 to 5 20 40 
Cold develop 5 20 40 
Hot develop 22 50 50 
Stop bath 5 20 40 
Dilution and wash 5 to 10 (clearing time + 
50% alcohol and 
5% glycerin 5 to 10 20 40 
75% alcohol and 
5% glycerin 10 20 40 
95% alcohol and 
5% glycerin jO to 60 90 
room temp. 
a. Demineralized water at 3% of tank volume per hour until hypo test 
• 
S isnegative. 
To avoid etching in the fixing bath, the silver-ion, concentration 
W 14 nt 1 hiw d t r d 10 st/i, md we attoolplod t tn tint un ihout 
6 g/l throughout the fixing. No improvement was noted in those cases in 
which the hypo was preloaded with silver to about 3 g/l. 
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APPENDIX II. TEMPERATURE-GRADIENT APPARATUS 
• Emulsions in 6- by 3/4-in, strips, protected by black photographic 
paper, were placed between two I - by 9-in, aluminum plates. The alumi- 
num plates were connected to a heat scurce at one end and a heat sink at 
the other. The device used is illustrated in Fig. 12. This arrangement 
gave a continuous temperature gradient between the two fixed temperature 
sources. 
To measure the temperature at various points, eight copper - 
constantan(No. 30-55-1) thermocouples were constructed, inserted be-
tween the central emulsion strips, and spaced from the hot to the cold end 
of the stack. By placing the thermocouples .against the pellicle adjacent 
to the aluminum, and against the aluminum itself, it was determined that 
the isotherms were essentially perpendicular to the aluminum, so that 
the temperature at a point of any pellicle in a stack depended only on the 
distance from the hot (or cold) end of the pellicle. The thermocouples 
were connected to a revolving switch associated with a graphic recorder 
which recorded in sequence the reading from each thermocouple. Because 
room temperature was fairly constant, 72 ± 2°F, it was used as the known 
constant temperature "cold junction" for calibrating thermocouples. 
The heat source was a 100 W, 30-0.resistor; the current flow 
through the resistor was used to control the temperature of the heat source. 
The heat sink was at the temperature pf a dry ice and methanol mixture. 
Emulsions at.normal humidity (50 to 60%) fuse together when 
heated to temperatures of 50 to 60° C, but dry emulsions withstand tern-
peratures in excess of 90 ° C without sticking Therefore, by using dry 
errulsions, a temperature span of -20 to 100°C was possible 
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The apparatus was loaded in the darkroom, placing the thermo-
couples at measured distances from the hot or. cold end of the emulsion 
stack so that the temperature could be measured as a function of position; 
Black paper was placed aroundthe stack to prevent light exposure and 
reaction of the emulsion with the aluminum. When the stack was in place 
and the source and sink attached, all exposed areas were covered with 
• 
 
fitted pieces of styrofoam, and all seams taped in order to provide thermal • 
insulation. 
About an hour was required to reach steady state, in order to reach 
steady state as soon as possible the resistor was turned on first, allowing 
the heating to proceed for about 5 min before the dry—ice—methanol mix-
ture was added. This particular process was established by trial. • 
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FIGURE LEGENDS 
Fig. i. Density of random-background grains (fog) vs temperature for desic- 
éatd d.5 Ilford emulsion subjected to a temperature gradient of 
-20 to +-100°C. The numbers indicate the time (hours) the emulsions 
were maintained at temperature prior to processing. The curve 
denoted "normal" is for a sample of heated, but undesiccated emul- 
• sion. Representative data points are shown. 
• Fig. 2. Density of random background grains vs temperature in desiccated 
K.5 Ilford emulsion. 
• Fig. 3. Density of random background grains vs temperature in desiccated 
G 2 Ilford emulsion 
Fig. 4. Fog density in desiccated G.5 emulsion at 50, 60, and 70°C vs 
time. The fog-density curves for the G.5 and K.5 data (see Fig. 5) 
have been normalized to I grain per IO }J at 0°C (not shown). 
Fig. 5. Fog density in desiccated K.5 emulsion at 50, 60, and 70°C vs 
• time. • 
Fig. 6. Fog density in desiccated G.2 emulsion at 60, 70, and 80°C vs 
time. 
Fig. 7. Time dependence of the fog density in desiccated G.5 emulsion 
held at constant temperatures. Temperatures are indicated for 
• each curve. 
Fig. 8. Time dependence of the fog density in desiccated K.5 emulsion 
held at constant temperatures. Temperatures are indicated for .  
each.curve. • 0 • 
UCRL-f 72 29 
Fig. 9. Time dependence of the fog density in desiccated G,2 emulsion 
held at constant temperatures Temperatures are indicated for 
each curve. 
Fig. 10. Fog density in Ilford emulsion exposed to a Co60 source, as a 
function of eradication time. 
Fig. It. Grain density of 400-MeV/c pions vs temperature in the tern- 
• perature-gradient stacks. Emulsions were maintained at tempera- 
ture for 24 h preceding exposure. The cross-hatching indicates 
onset of fog background. 
Fig. 12. Temperature gradient device. () Resistor heat source, 
(2) aluminum plates, (3) emulsion stacks, (4) copper-constantan 
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